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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical head used for 
optically recording information on media and/or reproducing and/or 
erasing the information recorded on the media, which is applicable 
to optical data recording or storing system using various types 
of optical disks. 

2. Description of the Related Art 

In the optical recording field, several types of optical 
data recording devices or systems using various optical disks, such 
as magneto-optical (MO) disks and compact disks (CDs) , have already 
been practically used extensively. These optical disks have 
concentric or spiral recording tracks and pieces of information 
are optically recorded and reproduced along the tracks. 

Moreover, to cope with the recent need to further increase 
the storage capacity, a new type of optical recording devices using 
digital video or versatile disks (DVDs) have been developed and 

put into practice. 

on the other hand, there has been the strong need to downsize 
optical recording apparatuses and to lower their fabrication cost. 
TO meet the need, a technique that simplifies the optical system' 
configuration of optical heads by applying. hologram elements to 



optical heads as one of the base or key components of optical 
recording apparatuses has been developed and disclosed. Examples 
of optical heads using this technique were disclosed in the Japanese 
Non-Examined Patent Publication Nos . 7-9708 published in 1995 and 
10-269588 published in 1998. 

Figs. 1 and 2A to 2C show the configuration of the prior-art 
optical head disclosed in the Japanese Non-Examined Patent 
Publication No. 7-97 08, in which the tracking error detection 
function is added to the configuration disclosed in this Publication. 
This head may be termed the "first prior-art optical head" later. 
01 In Figs. 1 and 2A to 2C, X and Y denote the radial and 
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M tangential directions of concentric or spiral tracks of a 

CJ disk-shaped recording medium, respectively, and 2 denotes the 

P 

3 longitudinal axis of the optical system in the prior-art head. 
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\! S A linearly polarized light beam (i.e., an incident light 

n beam) , which is emitted from a laser diode 101 mounted on a heat 
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53 sink 102, is reflected by a mirror 103 and then, enters a polarizing 
hologram element 104. The reason why the Incident light beam is 
linearly polarized is to prevent it from diffracting by the element 
20 104. The incident light beam emitted by the laser diode 101 passes 
through the element 104 without diffraction and then, it is 
converted to a circularly polarized light beam by a quarter-wave 
plate 105- The circularly polarized light beam thus generated is 
then focused by an objective lens 106 to be irradiated on a 
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disk-shaped recording medium 107. The beam thus irradiated forms 
a specific spot on the medium 107. 

The circularly polarized light beam thus irradiated is 
reflected by the medium 107, at which the beam absorbs a piece of 
information recorded in the area of the medium 107 corresponding 
to the spot. The circularly polarized light beam thus reflected 
passes through the objective lens 106 and then, it is converted 
to a linearly polarized light beam by the quarter-wave plate 105. 
The linearly polarized light beam thus generated is diffracted by 
the hologram element 104, generating not only a reproduction or 
playback signal beam but also a focusing error signal beam and a 
tracking error signal beam. The focusing and tracking error signal 
beams are received by a focusing error signal beam receiver 109 
and a tracking error signal beam receiver 110. These two receivers 
109 and 110 are formed in an optical detector 108. 

The method of detecting the focusing error, tracking error, 
and reproduction signal beams in the first prior-art head is 
explained below with reference to Figs. 2A to 2C. 

The polarizing hologram element 104 is a concentric 
phase-type diffraction grating made by forming a proton exchange 
region in a proper crystal such as a lithium niobate (LiNb0 3 ) crystal. 
AS shown in Fig. 2A, the element 104 has arc-shaped gratings whose 
center is offset with respect to the center of the element 104 
itself - 



When a reflected light beam 112 by the recording medium 107 
passes through the hologram element 104 , a zero-order diffracted 
beam (i.e., a transmitted beam) 113a is not generated while a 
+lst-order diffracted beam 113b is generated due to a convex lens 
function and a -lst-order diffracted beam 113c is generated due 
to a concave lens function. 

The focusing error signal beam receiver 10 9 of the optical 
detector 103 has three rectangular beam receiving regions 109a, 
109b, and 109c. The tracking error signal beam receiver 110 of the 
detector 108 has eight rectangular beam receiving regions 110a, 
110b, 110c, llOd, llOe, HOf , 110g, and HOh. Thus, the detector 
108 has eleven beam receiving regions in total. 

The total beam receiving surface of the focusing error 
signal beam receiver 10 9 is equal in size to that of the tracking 
error signal beam receiver 110. 

The region 109a is equal in size to the region 109c. The 
region 109b is twice as large in size as the region 109a ox 109c. 
The eight regions 110a to HOh are equal in size to each other, 
each of which has a half size of the region 109a or 109c. 

The detector 108 is located on the optical axis z of the 
first prior-art head in such a way that the zero-order diffracted 
light beam 113a generated from the reflected light beam 112 
correctly focuses on the surface of the detector 108 when the 
incident light beam correctly focuses on the surface of the medium 
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107 toy the objective lens 106. Thus, when the +lst -order diffracted 
beam 113b and the -lst-order diffracted beam 113c are received at 
the middle region between the focusing and tracking error signal 
beam receivers 109 and 110, these two beams 113b and 113c form 
equal-sized circular spots on the surface of the middle region. 

When the medium 107 approaches the optical head with respect 
to the focusing point of the objective lens 106 due to surface 
fluctuation of the medium 107 or the like, the focusing angle of 
the reflected light beam 112 entering the hologram element 104 
decreases, thereby moving the focal point of the diffracted beams 
113a, 113b, and 113c to be apart from the lens 106. Therefore, the 
spot diameter of the beam 113c on the focusing error signal beam 
receiver 109 increases while the spot diameter of the beam 113b 
on the tracking error signal beam receiver 110 decreases. 
Contrarily, when the medium 107 moves to be apart from the optical 
head with respect to the focusing point of the objective lens 106, 
the focusing angle o£ the reflected light beam 112 entering the 
hologram element 104 increases, thereby moving the focal point of 
the diffracted beams 113a, 113b, and 113c toward the lens 106- 
Therefore, the spot diameter of the beam 113c on the focusing error 
signal beam receiver 109 decreases while the spot diameter of the 
beam 113b on the tracking error signal beam receiver 110 increases. 

Here, as shown in Fig. 2C, the electrical output signals 
generated by the beam receiving regions 109a, 109b, and 109c of 



the focusing error signal beam receiver 109 and then, 
current-to-voltage converted and amplified by corresponding 
current-to-voltage conversion amplifiers 120 are respectively 
defined as sl09a, sl09b, and sl09c. Similarly, the electrical 
5 output signals generated by the beam receiving regions 110a, 110b/ 
110c, llOd, llOe, HOf , 110g, and HOh of the tracking error signal 
beam receiver 110 and then, current-to-voltage converted and 
amplified by corresponding current-to-voltacfe conversion 
amplifiers 120 are respectively defined as sllOa, sllOb, ellOc, 
IpQ SllOd, sllOe, sllOf, sllOg, and sllOh- 

Than r the focusing error signal FE is produced by using the 
spot size detection (SSD) method in the following way. 

A differential amplifier 121 is electrically connected to 
the beam receiving regions 109a, 103b, and 109c and the beam 
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i5 receiving regions 110a f 110b, 110c, HOd, llOe, HOf, llOg, and 

ru 

ffi 110h, as shown in Fig. 2C. Therefore, the focusing error signal 
FE(SSD) is given by the following equation (1). 

FE(SSD) = <sl09a + sl09c + sllOb + sllOc + SllOf + SllOg) 
20 - (sl09b t sllOa + sllOd + sllOe + sllOh) (1) 

If the recording tracks of the medium 107 are deviated from 
their desired position due to eccentricity or the like, the radial 
distribution of the optical strength on the medium 107 varies. Thus, 
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the tracking error signal TE is given by the push-pull (PP) detection 
method in the following way. 

A differential amplifier 122 is electrically connected to 
the beam receiving regions 110a, 110b, 110c, 110d r llOe, HOf, HOg, 
and HOh, as shown in Fig. 2C. Therefore, the tracking error signal 
TE(PP) is given by the following equation (2). 

TE(PP) « (sllOa + sllOb + sllOc + sllOd) 

- (sllOe + sllOf + sllOg 4- sllOh) (2) 

The tracking error signal TE may be obtained by the 
differential phase detection (DPD) method, in which a differential 
amplifier 123 and a differential phase detection circuit 124 are 
connected, as shown in rig. 2C. In this case, the tracking error 
signal TE (DPD) is given by the following equation (3). 

TE (DPD) = (sllOa + sllOb + sllOg + sllOh) 

- (sllOc + sllOd + sllOe + sllOf) (3) 

By using a summing amplifier 125,, the information playback 
or reproduction signal HF is given by the following equation (4) . 

HF - sl09a + sl09b + sl09c + sllOa + sllOb + sllOc + sllOd 

+ sllOe + sllOf + sllOg + sllOh (4) 



Figs. 3A to 30 show the configuration of the prior-art 
optical head disclosed in the Japanese Won -Examined Patent 
Publication No. 10-269588 . The layout of the individual components 
such as the objective lens 106 is substantially the same as that 
shown in Fig. 1 and therefore, it is not explained here for the 
sake ' of simplification. This head may be termed the "second 
prior-art optical head" later. 

The method of detecting the focusing error, tracking error, 
and playback signal beams is explained below with reference to Figs - 
3A to 3C. 

A polarizing hologram element 130 has four rectangular 
regions 130a, 130b, 130c, and 130d, which are defined by a division 
line extending along the x direction (i.e., the radial direction 
of the recording tracks of the medium 107) and another division 
line extending along the Y direction (i.e., the tangential direction 
of the recording tracks of the medium 107) . As shown in Fig- 3A f 
each of the regions 130a, 130b, 130c, and 130d forms a linear 
phase-type grating whose directions are different from the division 
lines . 

When a reflected light beam 135 by the recording medium 107 
passes through the hologram element 130 , a zero-order diffracted 
beam 135a is not generated while four +lst-order dif fractod beams 
135f, 135g, 135h, and 1351' are generated due to a convex lens 



function and four -lst-order diffracted beams 135b, 135c f 135d, 
and 135e are generated due to a concave lens function. 

A reproducing signal beam receiver 132 of an optical 
detector 131 has a rectangular beam receiving region. An error 
signal beam receiver 133 of the optical detector 131 has six 
rectangular beam receiving regions 133a, 133b, 133c, 133d, X33e r 
and 133f . Thus, the detector 131 has seven beam receiving regions 
in total . 

The total beam receiving .region of the reproducing signal 
beam receiver 132 is equal in size to that of the error signal beam 
receiver 133- 

The regions 133a, 133b, 133c, and 133d of the error signal 
beam receiver 133 are equal in size to each other- Each of the region 
of the reproduction signal beam receiver 132 and the regions 133e 
and 133f of the error signal beam receiver 133 is sufficiently wide 
for receiving the corresponding diffracted light beam. 

The: optical detector 131 is located on the optical a:x±s 2 
of the second prior-art head in such a way that the zero-order 
diffracted light beam 135a generated from the reflected light beam 
135 correctly focuses on the surface of the detector 131 when the 
incident light beam correctly focuses on the surface of the medium 
107 by the objective lens 106. Each of the diffracted beams 135b, 
135c, 135d, 135e, 135f, 135g, 135h, and 135i generated by the 
hologram element 130 has a sector-like beam shape responsive to 




the fact that the light 135 is irradiated to the adjoining 

sector-shaped regions 130a, 130b, 130c, and 130d of the hologram 

element 130, as shown in Fig* 3A. 

The +lst-order diffracted beam 135f generated by the region 

5 130a of the hologram element 130 is irradiated onto the division 

line of the beam receiving regions 133c and 133d. The +lst-order 

diffracted beam 135g generated by the region 130b of the element 

130 is irradiated onto the division line of the beam receiving 

regions 133a and 133b. The -hlst-order diffracted beam 135h 

10 generated by the region 130c of the element 130 is irradiated onto 

«3 the beam receiving region 133e. The +lst-ordor diffracted beam 
81 

^ 1351 generated by the region 130d of the element 130 is irradiated 

83 

13? onto the beam receiving region 133f . The -Ist-order diffracted 
beams 135b, 135c, I35d, and 135e generated respectively by the 

|i regions 130a, 130b, 130c, and 130d of the element 130 are irradiated 
onto the beam receiving surface of the reproduction signal receiver 

83 

ri 

2? 132. 

: j 

The layout of the beam spots thus formed on the reproduction 
and error signal beam receivers 132 and 133 is clearly shown in 
20 Fig. 3C. Each of these beam spots has a sector-like shape with 
various orientations • 

When the medium 107 approaches the second prior-art optical 
head with respect to the focusing point of the objective lens 10 6 
due to surface fluctuation of the medium 107 or the like, the 
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focusing angle of the reflected light beam 135 entering the hologram 
element 130 decreases, thereby moving the focal point of the 
diffracted beams 135b, 135c, 135(1, 135e, 135f, I35g, 135h, and 135i 
to be apart from the lens 106. Therefore, the spot size o£ the beams 
135£, 135g, 135h, and 135i on the error signal beam receiver 133 
increases without changing their sector-like spot shape - 
Contrarily, when the medium 107 moves to be apart from the optical 
head with respect to the focusing point of the objective lens 10 6, 
the focusing angle of the reflected light beam 135 entering the 
element 130 increases, thereby moving the focal point of the 
diff racted beams 135b, 135c, 135d, 135e, 135f, 135g, 135h, and 135i 
toward the lens 106- Therefore, the spot size of the beams 135f, 
135g, 135h, and 135i on the error signal beam receiver 133 decreases 
without changing their sector-like spot shape. 

Here, as shown in Fig. 3C, the electrical output signals 
generated by the beam receiving regions 133a, 133b, 133c, 133d, 
133e, and 133f of the error signal beam receiver 133 and then, 
current-to-voltage converted and amplified by corresponding 
current-to-voltage conversion amplifiers 140 are respectively 
defined as sl33a, sl33b, sl33c, sl33d, sl33e, andsl33f. Similarly, 
the electrical output signal generated by the reproducing signal 
beam receiver 132 and then, current-to»voltage converted and 
amplified by a corresponding current-to-voltage conversion 
amplifier 120 is defined as S132. 
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Then, the focusing error signal FE is produced by using the 
knife edge detection (KED) method in -the following way. 

Since a differential amplifier 141 is electrically 
connected to the beam receiving regions 133a, 133b/ 133c, and 133d, 
as shown in Fig- 3C, the focusing error signal FE (KED) is given 
by the following eolation (5) . 

FE (KED) = (Sl33a + Sl33d) - (s!33b + sl33c) (5) 

If the recording tracks of the medium 107 is deviated from 
their desired position due to eccentricity or the like, the radial 
distribution of the optical strength on the medium 107 varies. Thus, 
the tracking error signal TE is given by the push-pull (PP) detection 
method in the following way, 

A differential amplifier 142 is electrically connected to 
the beam receiving regions 133a, 133b, 133c, 133d, 133e, and 133f , 
as shown in Fig. 3C. Therefore, the tracking error signal TE(PP) 
is given by the following equation (6). 

TE(PP) - (sl33a + sl33b + sl33f) 

- (sl33c + sl33d + sl33e) (6) 

The tracking error signal TE may be obtained by the 
differential phase detection (DFD) method, in which a differential 
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amplifier 143 and a dif f ergntial phase detection circuit 144 are 
used, as shown in Fig, 3C. In this case, the tracking error signal 
TE(DFD) is given by the following equation (7). 

TB(DFD) - (sl33a + sl33b + sl33e) 

- (sl33c + sl33d + sl33£) C7) 

By using a summing amplifier 145 connected as shown in Fig. 
3C, the information reproduction signal HF is given by the following 
equation (8) . 

HF = S132 + sl33a + sl33b + s!33c + sl33d 

4- sl33e + sl33£ (8) 

The above-explained first and second prior-art optical 
heads have three problems described below. 

Specifically, the first problem is that the signal 
processing circuits is complicated and large in scale and at the 
same time, the electric output signals tend to be degraded in quality 
due to noises. This is because the count of the beam receiving 
regions of the optical detector is excessively large, which is 
explained in detail below. 

With the above-explained first and second prior-art optical 
heads, the focusing error signal is detected through the beam si2e 
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change of the +lst-ordQr -lst-order diffracted beams generated by 
the hologram element 104 or 130 • Therefore, each of the error signal 
beam receivers 109, 110, and 133 of the optical detectors 108 and 
131 needs to be formed to have three or more beam receiving regions. 
Also, to detect the tracking error signal simultaneously with the 
focusing error signal, any one of the' error signal beam receivers 
109, 110, and 133 needs to be formed to have four beam receiving 
regions with the division lines extending along the radial and 
tangential directions (i.e., X and Y) of the disk-shaped recording 
medium. 

Moreover, with the first prior-art optical head shown in 
Figs. 1 and 2A to 2C, the optical detector 108 needs to be formed 
to have eleven beam receiving regions in total- Also, since the 
output signals of the focusing and tracking error signal receivers 
109 and 110 are used for generating both the focusing and tracking 
error signals, buffer amplifiers (not shown in Fig- 2C) are required 
for the respective besom receiving regions, thereby increasing the 
circuit scale- Also, in this case, a lot of necessary amplifiers 
are configured at several stages and therefore, the quality of the 
focusing and tracking error signals tends to degrade due to noises 
occurring in the amplifiers. 

The second problem is that the optical detector 131 and the 
hologram element 130 have to be mounted with high accuracy in the 
second prior-art optical head. Specifically, the reflected light 



beain 135 is divided into four parts by the two perpendicular division 
lines on the hologram element 130, generating the eight diffracted 
beams 13Sb to 135f - ' Thus, if the relative positional relationship 
between the division lines on the element 130 and the division lines 
on the optical detector 131 deviates from their desired relationship, 
the focusing and/or tracking error signal or signal9 tends to 
contain some offset and at the same time, the detection sensitivity 
to the focusing and/or tracking error or errors tends to lower. 

The third problem is that complicated positioning operation 
is necessary to align the optical axes of all the optical components • 
Specifically, because a light source, optical elements, and optical 
detectors are integrated on a base, not only the optical components 
but also the package have to be precisely processed and finished. 
This raises the fabrication cost of the optical head itself. 

Moreover, with the optical heads of this sort, generally, 
to suppress the bad effect caused by the eccentricity of a recording 
medium, an objective lens is shifted under control through detection 
of the tracking error signal* In this case, there arises a problem 
that some offset occurs in the tracking error signal. Also/ to 
produce the optical heads at sufficiently low cost, there has been 
the need to form the package of the heads by a proper plastic material - 
To meet this need, it is essential to efficiently dissipate the 
heat emitted by a laser diode. 
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SUMMARY OF THE INVENTION 
Accordingly, an object of the present invention is to 
provide an optical head that suppresses the offset in the tracking 
error signal, 

5 Another object of the present invention is to provide an 

optical head that relaxes the necessary positional accuracy in the 
relative positional relationship between the package and the other 
optical elements. 

Still another object of the present invention is to provide 
1Q an optical head that simplifies the configuration of the signal 



^ processing circuits to thereby eliminate the quality degradation 

yi 

^ of the focusing and tracking error signals due to noises. 

03 

A further object of the present invention is to provide an 



^ optical head that presents a good heat dissipation performance even 
x5 if the package is formed by a plastic material. 

A still further object of the present invention is to 



w f provide an optical head that can be assembled easily and fabricated 
at low cost. 

The above objects together with others not specifically 
20 mentioned will become clear to those skilled in the art from the 
following description . 

An optical head according to the present invention 
comprises : 

(a) a light source for emitting a light beaua to be irradiated 
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to an optical recording medium as an incident light beam; 

(b) - a hologram element for receiving a reflected, light beam 
generated by reflection of the incident lighr beam on the medium 
to generate at least two diffracted light beams for focusing error 

5 detection and at least two diffracted light beams for tracking error 
detection; and 

(c) an optical detector for detecting the at least two 
diffracted light beams for recusing error detection at a first 
receiving surface and the at least two diffracted light beams for 

W tracking error detection at a second receiving surface; 



■ ^ 



^ each of the first and second receiving surfaces being 
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divided into receiving regions; 

the at least two diffracted light beams for focusing error 

detection being received at the receiving regions of the first 

p 

15 receiving surface ; 

fM 

the at least two diffracted lxght beams for tracking error 

yj 

detection being received at the receiving regions of rhe second 
receiving surface . 

With the optical head according- to the present invention, 
20 the hologram element generates the at least two diffracted light 
beams for focusing error detection and the at least two diffracted 
light beams for tracking error detection from the reflected light 
generated by reflection of the incident light beam on the optical 
recording medium. The optical detector detects the at least two 
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• diffracted light beams for' focusing error detection at the first 
receiving surface and the at least two diffracted light beams for 
tracking error detection at the second receiving surface. Each of 
the first and second receiving surfaces is divided into receiving 
5 regions. The at least two diffracted light beams for focusing error 
detection are received at the receiving regions of the first, 
receiving surface of the detector. The at least two diffracted 
light beams for tracking error detection are received at the 
receiving regions of the second receiving surface of the detector. 
10 Accordingly, if the at least two diffracted light beams for 

tracking error detection are realized by forming a plurality of 
fl! diffraction gratings on the hologram element, the equivalent size 
of the beam used for tracking error detection can be increased. 
If the at least two diffracted light beams for tracking error 
£35 detection are realized by forming two diffraction gratings on the 
f|j upper and' lower surfaces of the hologram element, tracking error 
can be eliminated completely. This means that the allowable 
positioning margin of the optical components is increased, relaxing 
the relative positional relationship between the package and the 
20 other optical elements. 

Also, the hologram element generates at least two 
diffracted light beams for focusing error detection and the at least 
two diffracted light beams for tracking error detection from the 
reflected light beam. These diffracted light beams for focusing 
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and tracking error detection are received by the first and second 
receiving surfaces of the optical detector, respectively. Thus, 
desired focusing and cracking error detection can be achieved even 
if the count of the light receiving regions of each of the first 
5 and second receiving surfaces is not increased as shown in the first 
and second prior-art optical heads. As a result, the signal 
processing circuits can be simplified to suppress possible noise 
generation, thereby eliminating the quality degradation of 
focusing and tracking error detection signals. The quality 
£9 degradation of the focusing and tracking error detection signals 
may be raised. 

in the optical head according to the invention, the focusing 
error signal may be detected by the spot size detection method while 
the tracking error signal may be detected by the push-pull detection 
or differential phase detection method may be used. 

In a. preferred embodiment of the optical head according to 
the invention, the hologram element Has a property of selectively 
exhibiting a diffraction grating function according to a 
polarization direction of the reflected light beam. In other words, 
2 0 the element may be termed a "polarizing hologram element", in which 
the element serves as a diffraction grating for extraordinary light 
beams while it does not serve as a diffraction grating for ordinary 
light beams - 

5~vs^3- Q^: — -another — pro - far - red — este od Im eflte — e£ — tfee — optical - head - 
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according to the Invention, the hologram element has diffractiprf 
gratings divided by at least one division line^JB^^ have 
different grating patterns. Thj^are^Least two diffracted light 
beams for focusing erpstf^etection and the at least two diffracted 
light beams^for tracking error detection are generated by the 
gratings of the element - 

In still another preferred embodiment of the optical head 
according to the invention, the hologram element has a first 
diffraction grating on a surface of the element and a second 
diffraction grating on an opposite surface thereof- in this 
embodiment, there is an additional advantage that the offset in 
the tracking error signal can be eliminated completely. 

In a further preferred embodiment of the optical head 
according to the invention, the light source, at least the hologram 
element and the optical detector are located in a package having 
a positioning mechanism- The package is mounted on a base using 
the positioning mechanism. 

It is preferred that the base has a hole into which the 
package is inserted. An inner wall of the hole is substantially 
equal in shape and size to an outer wall of the package. The inner 
wall of the hole has an engaging part and the outer wall of the 
package has a corresponding engaging part- The package is 
positioned at a desired location with respect to the base by 
engagement between the engaging parts of the hole and the package. 



Preferably, the package is made of a plastic material. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
In order that the present invention may be readily carried 
into effect, it will now be described with reference to the 
accompanying drawings - 

Fig, 1 is a schematic perspective view showing the optical 
system of a prior-art optical head. 

Fig. 2 A is a schematic plan view showing the hologram 
element used in the prior-art optical head of Fig- 1- 

Tig- 2B is a schematic side view showing the state of the 
light beams between the hologram element and the optical detector 



m 

fiJ in the prior-art optical head of Fig. 1. 

P 

£3 Fig. 2C is a schematic plan view showing the signal 

205 generation and processing of the optical detector in the prior-art 

-is 

optical head of Fig. 1. 

Fig- 3A is a schematic plan view showing the hologram 
element used in another prior-art optical head. 

Fig. 3B is a schematic side view showing the state of the 
light beams between the hologram element and the optical detector 
in the prior-art optical head of Fig. 3A. 

Fig. 3C is a schematic plan view showing the signal 
generation and processing of the optical detector in the prior-art 
optical head of Fig- 3A. 
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Fig. 4 is a schematic, partial perspective view showing the 
configuration of an optical head according to a first embodiment 
of the P r« e nt invention, in which the cap is partially cut away 
to show the inside structure of the cap. 
5 Fig. 5A is a schematic plan view showing the hologram 

element used in the optical head according to the first embodiment 
of Fig. 4. 

Fig. SB is a schematic side view showing the state of the 
light beams between the hologram element and the optical detector 
POLO in the optical head according to the first embodiment of Fig. 4. 

« Fig. 5C is a schematic plan view showing the signal 

y * 

gj generation and processing of the optical detector in the optical 

fi head according ZO the first embodiment of Fig. 4, 

J/ J Fig . 6 is a schematic plan view showing the signal 

\j 15 generation and processing of the optical detector in an optical 

fj! 

^ head according to a second first embodiment of the invention.. 

Pi 

^ Fig- 7 is a schematic, partial perspective view showing the 

M 

configuration of an optical head according to a third embodiment 
of the present invention, in which the lid of the package is removed 
20 to show the inside structure of the cap. 

Fig. 8A is a schematic plan view showing the hologram 
element used in the optical head according to a fourth embodiment 
of the invention. 

Fig. 8B is a schematic side view showing the stare of the 
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light beams between the hologram element and the optical detector 
in the optical head according to the fourth embodiment of Fig- 8A. 

Fig. sc is a schematic plan view showing the signal 
generation and processing of the optical detector in the optical 
5 head according to the fourth embodiment of Fig. 8A. 

Fig- 9A is a schematic plan view showing the upper surface 
of the hologram element used in an optical head according to a fifth 
embodiment of the invention. 

Fig. 9B is a schematic plan view showing the lower surface 
JLO of the hologram element used in an optical head according to the 
1 fifth embodiment of the invention. 

nj 

g3 Fig. 9C is a schematic side view showing the state of the 

light beams between the hologram element and the optical detector 
in the optical head according to -the fifth embodiment of the 
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Fig. 9D is a schematic plan view showing the signal 
generation and processing of the optical detector in the optical 
head according to the fifth embodiment of the invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
described in detail below while referring to the drawings attached. 

FIRST EMBODIMENT 
An optical head according to a first embodiment of the 
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present invention is show in Figs. 4 and 5A to 5C, in which X and 
y denote the radial and tangential directions of concentric or 
spiral tracks o£ 3 disk-shaped recording medium, respectively, and 
Z denotes the longitudinal axis o£ the optical system. 

As shown in Fig. 4, the head comprises a laser diode 1 mounted 
on a heat sink 2, a prism 3, a polarizing hologram element 4, a 
quarter-wave plate 5, an objective lens 6, an optical detector 8, 
a metallic stem 9, and a cap 10. The laser diode 1, the heat sink 
2, and the prism 3 are bonded onto the stem 9. The cap 10 has a 
transparent window on its top surface. The hologram element 4 is 
adhered to the top surface of the cap 10 to overlap the window, 
allowing the light beam to enter the inside the cap 10 and to emit 
therefrom- The stem 9 and the cap 10 are joined together to seal 
an inert gas irx the inner space formed by the stem 9 and the cap 
10 thus joined. The quarter-wave plate 5 and the objective lens 
6 are arranged outside the cap 10 to be located on the optical axis 
of the head. 

The stem 9 has leads 11 protruding downward at its bottom 
surface. These leads 11 are electrically connected ' to the 
corresponding terminals of the optical detectors 8. The electric 
signals produced by the detector 8 are taken out of the optical 
head by way of the leads 11. 

A linearly polarized light beam (i.e., an incident light 
beam) , which is emitted from the laser diode 1 mounted on the heat 
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sink 2, is reflected by the prism 3 and then, enters the polarizing 
hologram element 4. The reason that the incident light beam is 
linearly polarized is -co prevent it from diffracting by the element: 
4. The incident light beam emitted by the laser diode 1 passes 
through the element 4 without diffraction at this time and then, 
it is converted to a circularly polarized light beam by a 
quarter-wave plate 5. The circularly polarized light beam thus 
generated is then focused so as to form a spot on the surface of 
a disk-shaped recording medium 7. The medium 7 is rotating around 
a specific axis in the vicinity of the objective lens 6 of the head. 

The- circularly polarized light beam is reflected by the 
surface of the medium 7, at which the beam absorbs a piece of 
information recorded in the specific area of the medium 7 
corresponding to the spot. The circularly polarized light beam 
thus reflected passes through the objective lens 6 and is converted 
to a linearly polarized light beam by the quarter-wave plate 5. 
The linearly polarized light beam thus generated is diffracted by 
the hologram element & r generating not only a reproduction or 
playback signal beam but also two focusing error signal beams and 
two. tracking error signal beams. The focusing error signal beams 
thus generated are received by a focusing error signal receiver 

14 formed on the optical detector 8 . The tracking error signal beams 
thus generated are received by a tracking error signal receiver 

15 formed on the detector 8. 



The polarizing hologram element 4 is a concentric 
phase-type diffraction grating made by forming a proton exchange 
region in a proper crystal such as a LiNb0 3 crystal. The refractive 
index of the element 4 varies according to the polarization 
5 direction of the light beam received. If a ray of the beam passing 
through the proton exchange region and a ray ©£ the beam passing 
through the non-proton exchange region are different in phase to 
thereby generate a zero-order diffracted light beam and as a result, 
the diffraction efficiency to the ±lst-order diffracted light beams 
10 is lowered, it is preferred that the proton exchange region is coated 
it by a non-polarizing thin film such as magnesium fluoride (MgF 2 ) , 
silicon dioxide (Si0 2 ) , or titanium dioxide (Ti0 2 ) by evaporation 
to compensate the phase difference. 

Also, theoretically, the zero-order diffracted light beam 

3 

f | can be completely prevented from occurring if the proton exchange 
region is formed k>y a protruding part of the diffraction grating 
and the non-proton exchange region is formed by a depressing part 
thereof with an equal width to the protruding part while the 
protruding and depressing parts of the grating generate a phase 

20 difference of n. 

As shown in Fig. 5A, the hologram element 4 has two 
rectangular regions 12 and 13 defined by a straight division line 
5 extending along the Y direction (i.e., the tangential direction 
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of the recording cracks of the medium 7) . These regions 12 and 13 
have arc-shaped gratings whose centers are offset to each other. 
The clement 4 produces a zero-order diffracted light beam 16a, two 
-fist-order diffracted light beams 16b and 16b' focusing forward 
with respect to the zero-order diffracted light beam, and two 
-lst-order diffracted light beams 16c and 16c' focusing backward 
with respect to the zero-order diffracted light beam, as shown in 
Fig. SB. 

As shown in Fig. 5C, the optical detector 8 has a focusing 
error signal receiver 14 and a tracking error signal receiver 15. 
The focusing error signal receiver 14 has two division lines 
perpendicular to the direction corresponding to the division line 
5 of the hologram element 4, forming three rectangular beam 
receiving regions (i.e., light receiving elements) 14a, 14b, and 
14c. The tracking error signal receiver 15 has three division lines 
perpendicular to the direction corresponding to the division line 
5 of the hologram element 4 and two division lines parallel to the 
same direction, forming six rectangular beam receiving regions 
(i.e., light receiving elements) 15a, 15b r 15c, 15d, 15e, and 15f. 
Thus, the detector 8 has nine beam receiving regions (i.e., light 
receiving elements) in total. 

Next, the method of detecting the focusing error, tracking 
error, and reproduction or playback signal beams is explained below 
with reference to Figs. 5A to SC ♦ 




When a reflected light beam 16 by the recording medium 7 
passes through the hologram element 4, the zero-order diffracted 
beam 16a is generated- At the same time, the 4-lst:-order diffracted 
beams 16b and 16b' are generated by the hologram regions 12 and 
5 13 of the element 4, respectively. The -Ist-order diffracted beams 
16c and 16c' are generated by the hologram regions 12 and 13 thereof, 
respectively. A shown in Fig. 5C, each of the tlst-order diffracted 
beam 16b and 16b' forms a sector-shaped spot on the surface of the 
focusing error signal receiver 14 of the optical detector 8 having 
XO the three beam receiving regions (i.e., light receiving elements) 
^ 14a, 14b, and 14c. Each of the -Ist-order diffracted beams 16c and 
^ 16c' forms a sector-shaped spot on the surface of the tracking error 

m 

^ sicmal receiver 15 of the detector 8 having the six beam receiving 

2 

W regions (i.e., lighr receiving elements) 15a, 15b, 15c, 15d, 15e, 

u 

il and 15f . 

fU The total beam receiving region of the focusing error signal 

03 

^ receiver 14 is equal in size to that of the tracking error signal 
f 5 

receiver 15. 

The detector 8 is located on the optical axis Z of the head 
20 in such a way that the +lst-order diffracted beam 16b diffracted 
by the hologram regions 12 and the +lst-order diffracted beam 16b' 
diffracted by the hologram region 13 form sector-shaped beam spots 
with equal diameters on the surface of the focusing error signal 
beam receiver 14. 
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When the medium 7 moves to be apart from the optical head 
with respect to the focusing point of the objective lens 6, the 
diameter of the diffracted light beam 16b by the hologram region 
12 decreases (i.e., the beam 16b converges) while rhe diameter of 
the diffracted light beam 16b' by the hologram region 13 increases 
(i,e. , the beam 16b r expands) . The diameter of the beam 16b is then 
minimized at the focal point and thereafter, is inverted to 
increase . 

When the medium 7 approaches the optical head with respect 
to the focusing point of the objective lens 6 due to surface 
fluctuation of the medium 7, the diameter of the diffracted light 
beam 16b by the hologram region 12 increases (i.e., the beam 16b 
expands) while the diameter of the diffracted light beam 16b r by 
the hologram region 13 decreases (i.e., - the beam 16b' converges) . 
The diameter of the beam 16b' is then minimized at the focal point 
and thereafter, is inverted to increase. 

Here, as shown in Fig. 5C, the output signals generated by 
the beam receiving regions 14a, 14b, and 14c of the focusing error 
signal receiver 14 and then, current-to-voltage converted and 
amplified by corresponding current-to-voltage conversion 
amplifiers 50 are respectively defined as sl4a, sl4b, and sl4c. 
Similarly, the output signals generated by the beam receiving 
regions 15a, 15b, 15c, 15d, 15e, and 15f of the tracking error signal 
receiver 15 and then, currant-to-voltage converted and amplified 



# # 

by corresponding current: -to~voltage conversion amplifiers 50 are 
respectively defined as s!5a r sl5b, sl5c, sl5d, sl5e, and slSf. 

Then, rhe focusing- error signal FE is produced by using the 
spot size detection (SSD) method in the following way. 

A differential amplifier 17 is electrically connected to 
the beam receiving regions 14a, 14b, and 14c and the beam receiving: 
regions 15a, 15b, 15c, 15d,. 15e, and 15f, as shown in Fig. 5C. 
Therefore, the focusing error signal FE(SSD) Is given by the 
following equation (9) - 

FE(SSD) = (s!4a + s!4c + Sl5b + sl5c + sl5e 4- slSf) 

- (sl4b + sl5a + sl5d) (9) 

If rhe recording tracks of the mediuiu 7 are deviated from 
their desired position due to eccentricity, the radial distribution 
of the optical strength on the medium 7 varies. Thus, the tracking 
error signal TE is given by the push-pull (PP) detection method 
in the following way. 

A differential amplifier 18 is electrically connected to 
the beam receiving regions 15b, 15c, 15f , and 15g, as shown in Fig- 
5C- Therefore, the tracking error signal TE(PP) is given by the 
following equation (10) • 



The tracking error signal TE may be obtained by the 
differential phase detection (DFD) method preferably applied to 
the DVDs, in which a differential amplifier 19 and a differential 
phase detection circuit 20 are used, as shown in Fig. 5C- In this 
case, the tracking error signal TE(DPD) is given by the following 
equation (11) . 

TE(DPD) « (sl5c + sl5e)~ (sl5b + sl5f) (ID 

By using a summing amplifier 21, the information playback 
signal HF is given by the following equation (12) - 

HF — sl4a -t- Sl4b -i- sl4c 4- sl5a + sl5b 

+ sl5c + sl5d + sl5e + sl5f (12) 

With the optical head according to the first embodiment, 
the hologram element 4 generates the diffracted light beams 16b 
and 16b' for focusing error detection and the diffracted light beams 
16c and 16c' for tracking *rror detection from the reflected light 
16 generated by reflection of the incident light beam on the optical 
recording medium 7 . The optical detector 8 detects the diffracted 
light beams 16b and 16b' for focusing error detection at the 
receiving surface 14 and the diffracted light beams 16c and 16c' 



for tracking error detection at the receiving surface 15. Each of 
the receiving surfaces 14 and 15 is divided into receiving regions. 
14a to 14c and 15a to 15f, respectively- The at diffracted light 
beams 16b and 16b' for focusing error detection are received at 
the regions 14a to 14c and the diffracted light beams 16c and 16c' 
for tracking error detection are received at the regions 15a to 
ISf . 

Moreover/ since the diffracted light beams 16b and 16b f for 
tracking error detection are realized by forming the diffraction 
gratings 12 and 13 on the hologram element 4, the equivalent size 
of the beam used for tracking error detection can be increased. 
This means that the allowable positioning margin of the optical 
components is increased, relaxing the relative positional 
relationship between the package and the other optical elements. 

Also, the hologram element d generates the diffracted light 
beams 16b and 16b' for focusing error detection and the diffracted 
light beams 16c and 16c' for tracking error detection from the 
reflected light beam 16. These diffracted light beams 16b and 16b' 
and 16c and 16C are received by the receiving surfaces 14 and 15 
Of the optical detector 8, respectively- Thus, desired focusing 
and tracking error detection can be achieved even if the count of 
the light receiving regions of each of the receiving surfaces 14 
and IS is not increased as shown in the first and second prior-art 
optical heads. As a result , the signal processing circuits can be 
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simplified to suppress possible noise generation, thereby 
eliminating the quality degradation of focusing and tracking error 

detection signals. The quality degradation of the focusing and 
tracking error detection signals may be raised. 

SECOND EMBODIMENT 
Fig. 6 shows the signal processing circuit of an optical 
head according to a second embodiment of the present invention, 
which has the same configuration as that of the head according to 
the first embodiment except that an optical detector 8A is used 
instead of the optical detector 8. Therefore, the explanation 
about the same configuration is omitted here for the sake of 
simplification of description by attaching the same reference 
numerals in Fig. 5C to the same elements in Fig. 6. 

The optical detector SA has a focusing error signal receiver 
14A and the same tracking error signal receiver 15 as used in the 
first embodiment. The focusing error signal receiver iflA has three 
division lines perpendicular to the direction corresponding to the 
division line 5 of the hologram element 4 and a division line 
parallel to the line corresponding to the division line 5, forming 
six rectangular beam receiving regions (i.e., light receiving 
elements) 14a, 14ba r 14bb r l4bc, 14bd, and 14c. The regions 14ba, 
ldbfo, lflbc f and 14bd are formed by dividing the region 14b in the 
first embodiment of Fig-. 5C into four parts. Thus, the detector 
8A has ten beam receiving regions (i.e., light receiving elements) 



• # 

in total. 

Here, as shown in Fig- 6, the output signals generated by 
the beam receiving regions 14a, 14ba, 14bb, 14bc, and 14bd, and 
14c of the focusing error signal receiver 14A and then, 
current-to-voltage converted and amplified by corresponding - 
cur rent -to -volt age conversion amplifiers 50 are ' respectively 
defined as sl4a, sl4ba, sl4bb, sl4bc, sl4bd, and sl4c. Similarly, 
the output signals generated by the beam receiving regions 15a, 
15b, 15c, 15d, 15e, and 15f of the tracking error signal receiver 
15 and then, current-to-voltage converted and amplified by 
corresponding current-to-voltage conversion amplifiers 50 are 
respectively defined as s!5a, slSb, s!5c, sl5d, sl5e, and slSf . 

■ Then, the focusing error signal FE is produced by using the 
spot size detection (SSD) method in the following way. 

A differential amplifier 17 is electrically connected to 
the beam receiving regions 14a, 14ba, 14bb, 14bc, 14bd, and 14c 
and the beam receiving regions 15a, 15b, 15o r 15d, 1S<&, and 15, 
as shown in Fig. 6- Therefore, the focusing error signal FE(SSD) 
is given by the following equation (13) . 

FE(SSD) = (sl4a + sl4c + sl5b + sl5c + sl5e + slSf) 

- (sl4ba + sl4bb + sl4bc + sl4bd + sl5a + slSd) (13) 



The tracking error signal TE is given by the push-pull (PP) 



detection method, i.e., TE(PP) , is given by the following equation 

(14). 



TE(PP) = (sl5a + sl5s + 14bc 4. sl4bd) 

- (sl5f + sl5g + sl4ba + sl4bb) (14) 

The tracking error signal TE by the differential phase 
detection (DPD) method, i.e., TE(DPD), is given by the following 
equation (15) . 



TE (DPD) = (s!5c + sl5e + sl4ba + s!4bd) 

- (sl5b + sl5f + s!4bb + sl4bc) 



(15) 



By using a summing amplifier 21A, the information playback 
signal HF is given by the following equation (16) - 

HF « slda + s!4ba + sl4bb + sl4bc + sl4bd + sl4c 

+ Sl5a + s!5b 4* s!5c + s!5d + sl5e + slSf (16) 
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THIRD EMBODIMENT 
^J^fv Fig. 7 shows an optical head equipped with a plastic pac] 
according to a third ©ir^odimen^f^Ki^resent . invention, which 
has substanJxia'Tly^ th© same configuration as that of the head 
to the first embodiment except that the laser diode 1, 



the hea^sink 2 on which the diode 1 ie mounted, the prism or mir; 

3, the polarizing hologram element 4, and the opti^stiactector 8 

are fixed to the inner bottom surface of ajpJrecStic package 32- The 

hologram element 4 is fixed to th^ict6unting portion 33 of the package 

5 32- The package 32 is^drmed by molding a proper plastic material - 

Leads 34 are fopried -to extend laterally from each side of the package 

32 to deriTv-e the output signals from the detector 8. The leads 3d 

are /integrated with the package 32- 

With the optical head according to the third embodiment of 

10 the invention, the necessary optical elements such as the laser 
C3 

yp diode l f the prism 3, the hologram element 4, and the detector 8 

5 

f\j are built in the plastic package 32. Therefore, in addition to the 
advantages given in the above-described first and second 
embodiments, there is an additional advantage that the optical head 
$p configuration is simplified, the count of adjustment-required parts 
fjl is reduced, and the optical head is downsized easily. ■ 



m 

sat. 
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As shown in Fig- 7, the outer wall o£ the package 32 rias 
a cylindrical surface 35a chamfered by two flat surfaces 35b. The 
flat surfaces 35b are parallel to the longitudinal axis of the 
20 cylindrical surface 35a (i.e., the package 32) and located at 
opposite positions with respect to the axis. 

The plastic package 32 including the necessary optical 
components 1, 3, 4, and 6 is fixed to a plate-shaped optical head 
base 36 by inserting the package 32 into a hole 37 of the base 36 

-36- 



and securing the package 32 no the base 36 by tightening two screws 
60 into corresponding holes 61 of the base 36. At this stage, the 
cylindrical and flat surfaces 35a and 35b of the package 32 are 
engaged with a cylindrical inner surface 37a and two flat surfaces 
37b of the hole 37. Thus, the package 32 is fixed to the base 36 
at a desired position. A proper heat dissipation plate 63 is 
attached to the bottom of the package 32. 

As a result, there is an additional advantage that the 
operation to align the optical axis of rhe package 32 (i.e., the 
optical components 1, 3. 4 r and 8) with that of the other components 
such as the quarter-wave plate 5 and the objective lens 6 is 
unnecessary or minimized- Moreover, there is a further additional 
advantage that heat dissipation is efficiently accomplished due 
to existence of rhe heat dissipation plate 63 even if the head 
includes the low-cost plastic package 32. 

FOURTH. EMBODIMENT 
Figs. 8A to 8C show the signal processing circuit of an 
optical hsad according to a fourth embodiment of the present 
invention, which has the same configuration as that of the head 
according to the first embodiment except that an optical detector 
8B is used instead of the optical detector 8, Therefore, the 
explanation about the same configuration is omitted here for the 
sake of simplification of description by attaching the same 
reference numerals in Figs. SA to 5C to the same elements in Figs. 
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BR to 8C 

as shown in Fig. 8A, a polarizing hologram element 4B has 

two rectangular regions 22a and. 22b, which are defined by a division 
line 5a extending along the X direction (i.e., the radial direction 
of the recording tracks of the medium 7) . The regions 22a and 22b 
form arc-shaped gratings whose centers are offset. The element 4B 
produces a zero-order diffracted light beam 28a, two +lst-order 
diffracted light beams 28b and 28b' , and two -lst-order diffracted 

light beams 28c and 28c' . 

An optical detector 8B has a focusing error signal receiver 
29 and a tracking error signal receiver 30. The focusing error 
signal receiver 29 has two division lines parallel to the direction 
corresponding to the division line 5a of the hologram element 4B, 
forming four rectangular beam receiving regions (i-e-, light: 
receiving elements) 29a, 29b, 29c, and 29d- The two regions 29a 
and 29b form a beam receiving surface 29A and the two regions 29c 
and 29d for another beam receiving surface 29B. The tracking error 
signal receiver 30 has two division lines perpendicular to the 
direction corresponding to the division line Sa of the hologram 
element 4B, forming four rectangular beam receiving regions (i.e., 
light receiving elements) 30a, 30b, 30c, and 30d. The two regions 
30a and 30b form a b»«m receiving surface 30A and the two regions 
30c and 30d for another beam receiving surface 3 0B. Thus, the 
detector 8B has eight beam receiving regions (i.e. , light receiving 



elements) in total - 

When a reflected light beam 28 by the recording medium 7 
passes -through the hologram element 4B, the zero-order diffracted 
beam 28a is generated and at the same time, the +lst-order diffracted 
beams 28b and 28b' are generated by the hologram region 22a of 
hologram element 4B and the -lst-order diffracted beams 28c and 
28c f are generated by the hologram region 22b thereof. The 
+ lst-order diffracted beams 28a and 28b form two sector-shaped spots 
on the surfaces Z3R and 29B of the focusing error signal receiver 
29 having the four beam receiving regions (i.e., light receiving 
elements) 29a, 29b, 29c, and '2 9d- The -lst-order diffracted beams 
28c and 28c f form two sector-shaped spots ori the surfaces 30A and 
30B of the tracking error signal receiver 30 having the four beam 
receiving regions (i.e., light receiving elements) 28a/ 28b, 28c, 
and 28d- 

The detector 8B is located on the optical axis Z of the head 
in such a way that the +lst-order diffracted beams 28a and 29a' 
diffracted by the hologram region 22a form the sector-shaped beam 
spots with equal diameters on the surface of the focusing error 
signai beam receiver 2 9A. 

When the medium 7 moves to be apart from the optical head 
with respect to the focusing point of the objective lens 6, the 
diameter of the diffracted light beam 28b by the hologram region 
22a decreases (i.e., the beam 28b converges) while the diameter 



of The diffracted light beam 28b' by the hologram region 22b 
increases (i.e. r the beam 28b' expands) . The diameter of the beam 
2St> ±s then minimized at the focal point and thereafter, is inverted 
to increase. 

When the medium 7 approaches the optical head with respect 
to the focusing point o£ the objective lens 6 due to surface 
fluctuation of the medium 7, the diameter of the diffracted light 
beam 28b by the hologram region 22a Increases .(i.e., the beam 28b 
expands) while the diameter of the diffracted light beam 28b' by 
the hologram region 22b decreases (i.e., the beam 28b' converges) . 
The diameter of the beam 28b' is then minimized at the focal point 
and thereafter, is inverted to increase. 

Here, as shown in Fig. 8C, the output signals generated by 
the beam receiving regions 29a, 29b f 29c, and 29d of the focusing 
error signal receiver 2 9 and then, current-to-voltage converted 
and amplified by corresponding current-to-voltage conversion 
amplifiers 50 are respectively defined as s29a, s29b, s29c, and 
S29d. Similarly, the output signals generated by the beam 
receiving regions 30a, 30b, 30c, and 30d of the tracking error signal 
receiver 30 and then, current-to-voltage converted and amplified 
by corresponding current-to-voltage conversion amplifiers 50 are 
respectively defined as s30a, s30b, s30c, and s30d- 

Then, the focusing error signal FE is produced by using the 
spot size detection (SSD) method in the following way- 



A differential amplifier 17 is electrically connected to 
the beam receiving regions 29a, 29b, 29c r and 29d, as shown in Fig, 
8C, Therefore, the focusing error signal FE (SSD) is given by the 
following equation (17). 

FE(SSD) - <s29a 4- s29d) - (s29b + s29c) (17) 

If the recording tracks of the medium 7 are deviated from 
their desired position due to eccentricity, the radial distribution 
of the optical strength on the medium 7 varies. Thus, the tracking 
error signal TE is given by the push-pull (PP) detection method 
in the following way. 

A differential amplifier 18 is electrically connected to 
tho bsam receiving regions 30a, 30b, 30<=, ana 30d f as shown in Fig. 
8C. Therefore, the tracking error signal TE(PP) is given by the 
following equation (18) . 

TE(PP) = (s30t> 4- s30c) - (s30a + s30d) (18) 

The tracking error signal TE may be obtained by the 
differential phase detection (DPD) method preferably applied to 
the dvds , in which a differential amplifier 19 and a differential 
phase detection circuit 20 are used. In this case, the tracking 
error signal TE (DPD) is given by the following equation (19)- 



TE(DPD) = (s30a + s30c>- (s30b + s30d) 



(19) 



By using a summing amplifier 125, the information playback 
signal HF is given by the following equation (20) . 

HF = s29a + s29b + s29c + s29d 

+ s30a + S30b + s30c + s30d (20) 

With the head according to the fourth embodiment, 'each of 
the focusing and trucking error signal receivers 29 and 30 can be 
realized by a photodiode having four light receiving regions (i.e. , 
a four-divided photodiode) . Therefore, there is an additional 
advantage that the count o£ -the light receiving elements on the 
detector can be minimized, thereby suppressing the quality 
degradation of the reproduction signals due to noises. 

FIFTH EMBODIMENT 

Figs. 9A to 9D show the signal processing circuit of an 
optical head according to a fourth embodiment of the present 
invention, which has the same configuration as that of the head 
according to the first embodiment except that a hologram element 
4C and an optical detector SC are used instead of the hologram 
element 4 and the optical detector 8, respectively. 

The polarizing hologram element 4C has an upper diffraction 
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grating 37a and a lower diffraction grating 37b. The upper grating 
37a is formed on the upper surface of the element 4C. The lower 
diffraction grating 37b is formed on the lower surface of the element 
4C, No division line is formed on the upper and lower surfaces of 
the element 4C. As shown in Figs. 9A and 93, the upper grating 37a 
is linear and the lower grating 37b is arc-shaped- 

As shown in Fig- 9C # the upper grating 37a produces a 
zero-order diffracted light beam 38a, a +lst-order diffracted light 
beam 38b, and a -Ist-order diffracted light beam 38c from the 
reflected light beam 36. The lower grating 37b produces two 
+l5t-order diffracted light beam 39a and 39b from the +lst-order 
diffracted light beam 38b, and at the same time, it produces two 
+lst-order diffracted light beam 40a and 40b from the -lst-order 
diffracted light beam 33c. 

The optical detector 8C has a focusing error signal receiver 
41 and a tracking error signal receiver 62. The focusing error 
Signal, receiver 41 has four division lines parallel to each other, 
forming six rectangular beam receiving regions {i.e., light 
receiving elements) 41a, 41b, file, 41d, 41e, and 41f . The three 
regions 41a, 41b, and 41c form a beam receiving surface 41A and 
the three regions 4 id, 41e, and 4 If form another beam receiving 
surface 4 IB _ The tracking error signal receiver 62 has four 
division lines, two ones of which are parallel to the division lines 
of the focusing error signal receiver 41 and the remaining two ones 




of which are perpendicular to the same, . thereby forming eight 
rectangular beam receiving regions (i.e., light receiving elements) 
42a r 42ta r 42c, 42d, 43a, 43b, 43c, and 43d. Thus, the detector 8C 
has 14 beam receiving regions (i.e., light receiving elements) in 
total. 

When the reflected light beam 3 6 by the recording medium 
7 passes through the hologram element 4C, the -fist-order diffracted 
beam 39a and 39b and the -lst-order diffracted beams 40a and 40b 
are generated by the element 4C. The +lst-order diffracted beams 
39a and 39b form two circular spots on the focusing error signal 
receiver 41 having the four beam receiving regions (i.e./ light: 
receiving elements) 41a, 41b, 41c, 41d, 41e, and 41f . The beams 
39a and 39b are located an the beam receiving surfaces 41A and 41B, 
respectively, The -lst-order diffracted beams 40a and 40b' form 
two circular spots on the tracking error signal receiver 62 having 
the eight beam receiving regions (i.e., light receiving elements) 
42a, 42b, 42c, 42d, 42e, 42f , 42g, and 42h- The beams 40a and 40b 
are located on the beam receiving surfaces 42 and 43, respectively. 

The detector 8C is located on the optical axis Z of the head 
in such a way that the +lst-order diffracted beams 39a and 39b 
diffracted by the hologram element 4C form the circular beam spots 

with equal diameters on the surface of the focusing »rror signal 
beam receiver 41- 

When the medium 7 moves to be apart from the optical head 
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with respect to the focusing point of the objective lens 6, the 
diameter of the diffracted light beam 39a by the hologram element 
4C decreases (i.e., the beam 39a converges) while the diameter of 
the diffracted light beam 39b by the hologram element 4C increases 
(i.e., the beam 39b expands) . The diameter of the beam 39a is then 
minimized at the focal point and thereafter, is inverted to 
increase. 

When the medium 7 approaches the optical head with respect 
to the focusing point of the objective lens 6 due to surface 
fluctuation of the medium 7, the diameter of the diffracted light 
beam 39a increases (i.e., the beam 39a expands) while the diameter 
of the diffracted light beam 39b decreases (i.e., the beam 39b 
converges) . The diameter of the beam 39b is then minimized at the 
focal point and thereafter, is inverted to increase. 

Here, as shown in Fig* 9D, the output signals generated by 
the beam receiving regions 41a r 41b, 41c, 41d, 41©, and 41f of the 
focusing error signal receiver 41 and then, current-to-voltage 
converted and amplified by corresponding current-to-voltage 
conversion amplifiers 50 are respectively defined as s41a/ s41b, 
s41c, s41d, s41e, and sfllf. Similarly, the output signals 
generated by the beam receiving regions 42a, 42b, 42c, 42d, 43a 
43b, 43c, and d3ci of the tracking error signal receiver 62 and then, 
current-to-voltage converted and amplified by corresponding 
current-to-voltage conversion amplifiers 50 are respectively 



defined as s42a, s42b, s42c, s42d, s43a, s43b, s43c, and s43d- 
Then, the focusing error signal FE is produced by using the 

spot size detection (SSD) method in the following way. 

A differential amplifier is electrically connected to 

the beam receiving regions 41a, 41b, 41c, 41d, 41e f and 41f/ as 

shown in Fig. 9D- Therefore, the focusing error signal FE(SSD) is 

given by the following equation (21) - 

FE(SSD) - (s41a + s4*lc + s41e) 

- (s41b + s41d + s41f ) (21) 

If the recording tracks of the medium 7 are deviated from 
their desired position due to eccentricity, the radial distribution 
of the optical strength on the medium 7 varies- Thus f the tracking 
error signal TE is given by the push-pull (PP) detection method 
in the following way. 

A differential amplifier 45 is electrically connected to 
the beam receiving regions 42a, 42b, 42c, 42d, 43a 43b, 43c, and 
43d, as shown in Fig. 9D. Therefore, the tracking error signal 
TE(PP) is given by the following equation (22). 

TE(PP) = (s42a + s42t> + s43c 4- s43d) 

- (s42c 4- s42d + s43a + s43b) (22) 



The tracking error signal TE may be obtained by the 
differential phase detection (DPD) method preferably applied to 

the DVDs , in which a differential amplif i<*r 4 6 and a differential 
phase detection circuit 47 are usQd. In this case, the tracking 
error signal TE ( DPD) is given by the following equation (23). 

TE (DPD) = (s42a + s42c + s43b + s43c) 

- (s41b + s41d + s43a + s43d) (23) 

By using a summing amplifier 125, the information playback 
signal HF is given by the following equation (24) . 

HF = s41a + s41b + s41c + s41d + s41e + s41f + s42a + s42b 
+ s42c + s42d + s43a + s43b + s43c + s43d (24) 

The above-explained optical heads according to the first 
"CO fifth embodiments of the invention may be applied to various 
oprical recording media of the types such as the reproduction only 
type, write once type, and rewritable type. 

In the above-explained embodiments, a finite-system 
objective lens is used as the objective lens 6. However , it is 
needless to say that any infinite-system objective lens such as 
a collimate lens may be used. 

While the preferred forms of the present invention have been 




described, it is to be understood that modifications will be 
apparent ro those skilled in the art without departing from the 
spirit of the invention. The scope of the present invention, 
therefore, is to be determined solely by the following claims . 
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